Various studies have highlighted the link between polymorphisms in the XRCC1 gene (encoding X-ray repair cross-complementing group 1) with the incidence of decreased DNA repair capacity and an increased predisposition to cancer. Catechol-O-methyltransferase (COMT) plays a crucial role in estrogen-induced cancers. In the present study was analyzed the potential influence of XRCC1 and COMT gene polymorphisms as predisposing factors from a lung cancer perspective, in addition to conducting an investigation into their interaction with environmental risk factors in relation to lung cancer among non-smoking Chinese women.
Background
Primary lung cancer represents a malignancy with a particularly poor prognosis and is the leading cause of cancer-related deaths worldwide. Although progress has been made from a clinical and research perspective, primary lung cancer is still largely associated with increased rates of prevalence and mortality worldwide [1, 2] . Statistics have revealed a worrying trend regarding the disease demographics, highlighting a 2-fold increase in the incidence of lung cancer over the past 30 years [3] . Among all cancer types, an average survival rate of 5-years is reported to be reflective of the poorest prognosis, which is a common circumstance experienced by many lung cancer patients diagnosed with distant and regional diseases [4] . Lung cancer is the foremost cause of smoking-related mortality, which more recently has even exceeded that of coronary artery disease, with reports indicating a rising incidence of lung cancer is associated with genetic factors as well as other nonspecific contributory factors over the last few decades [5, 6] . At present, there ares various applicable tumor treatment approaches, including surgery, radiotherapy, ultrasound elastography, and chemotherapy, depending on the patient's condition and clinical staging [7, 8] . Studies have revealed that the 5-year survival rate of patients with lung cancer at early stage is 58-73%, while that of patients with lung cancer at a later stage is an abysmal 3.5% [9] . Therefore, an early diagnosis, timely intervention, and close antenatal surveillance play an absolutely vital role in the prognosis of lung cancer [6] . New and more accurate lung cancer predictors are required to provide a better diagnosis and prognosis for patients with lung cancer.
The X-ray repair cross-complementing group 1 (XRCC1) protein, the amount of which shares a significant correlation with resistance to the chemotherapy drug cisplatin in the treatment of lung cancer, has been reported to have a distinct effect on base excision repair (BER) in addition to acting as a scaffold protein for single-strand break repair and BER activities [10] . A previous study indicated the involvement of the estrogenmetabolizing enzyme, catechol-O-methyl transferase (COMT), in the inactivation of catechol estrogens through its transformation into non-genotoxic metabolites, as well as highlighting an association between COMT gene polymorphism and lung cancer, particularly among non-smoking women of Chinese descent [11] . A study performed by Guo et al. demonstrated that XRCC1 gene polymorphisms can influence an individual's susceptibility to lung cancer [12] . A significant finding of a previous study suggested exposure to cooking-oil fumes is a risk factor associated with the incidence of lung cancer among smoking women [13] . Studies have shown that exposure to cooking-oil fumes (mainly composed of 2 types of chemical compounds: aldehydes and polycyclic aromatic hydrocarbons) and environmental factors (especially involving occupational exposure) increase risk of lung cancer [14, 15] . Based on the aforementioned literature, we hypothesized that a relationship between COMT, XRCC1, and lung cancer exists. Few studies have investigating the underlying mechanism of COMT and XRCC1 gene polymorphisms, as well as that of environmental risk factors in relation to the susceptibility of lung cancer occurrence, among non-smoking Chinese women. Hence, the central objective of the present study was to provide clinical evidence of a compelling nature that could aid in the prevention of lung cancer occurrence, by further investigating the combined direct and indirect effects of COMT and XRCC1 gene polymorphisms as well as that of environmental risk factors influencing the susceptibility of lung cancer among non-smoking Chinese women.
Material and Methods

Ethical statement
This study was conducted with the approval of the Ethics Committee of Heze Municipal Hospital of Shandong Province. All participating patients signed informed consent documentation prior to enrollment into the study. All procedures of the study were performed in strict accordance with the principles of the Declaration of Helsinki.
Study subjects
We enrolled A total of 261 non-smoking female patients aged between 24-71 years, with an average age of 54.4±10.0 years, with primary lung cancer and who had previously received treatment at the Heze Municipal Hospital of Shandong Province between January 2014 and January 2016. Based on pathological or cytological typing, there were 167 cases of squamous cell carcinoma, 45 cases of adenocarcinoma, 110 cases of large cell carcinoma, 13 cases of adenosquamous carcinoma, and 25 cases of small cell carcinoma. The inclusion criteria were: 1. Nonsmoking females aged 24 to 71 years. 2. Primary lung cancer confirmed by bronchoscopy and aspiration biopsy. 
Epidemiological data
A unified questionnaire was prepared to gather the basic characteristics of each individual patient among the case and control groups, including name, age, nationality, occupational exposure history, education level, body mass index (BMI) [BMI=body weight (kg)/height 2 (m 2 )], income, family history of cancer, passive smoking, cooking fume exposure history, and soot exposure history. The definitions of the related questions were clarified as follows [16] : 1. Smoking: Persons consuming 1 or more cigarettes per day for more than 1 month or if the cumulative amount reaches this level during a short period of time were excluded from the study; 2. Passive smoking history: Subjects exposed to 1 or more cigarettes per day for a period of more than 1 year; 3. Family history of cancer: The immediate family (parents, children, siblings) or second-degree relatives (grandparents, uncle, aunt) who had previously suffered from cancer; 4. Cooking fume exposure history: People engaged in cooking for more than 15 years, during which they would fry food at least twice a week or more, suffering from frequent eye and throat irritation during the cooking process; 5. Soot exposure history: Occurs during the heating and cooking process, the duration of which lasted for more than 3 years, and a minimum of twice a week, accompanied by nose and throat irritation during the process; 6. Occupational exposure history: Persons engaging or previously engaged in work involving exposure of asbestos, coal tar, smoke, heavy metals, or rubber for a period greater than 2 years.
Genomic DNA extraction and genotyping DNA was extracted using a genomic DNA Extraction Kit (Tiangen Biotech Co., Ltd., Beijing, China) from the peripheral blood collected from patients participating in the study. Polymerase chain reaction (PCR) amplification of XRCC1 and COMT genes was performed: the primer sequences synthesized by the Shanghai Biotechnology Engineering Co., Ltd., Shanghai, China are depicted in Table 1 . After the PCR products had been sequenced, the sites of T-77C, Arg399Gln, Arg280His, and Arg194Trp in XRCC1 gene and 186C>T and Val158Met in COMT gene were genotyped using the Sanger terminal termination method. The PCR reaction procedure was performed based on the following steps: pre-denaturation at 95°C for 3 min; 34 cycles of denaturation at 95°C for 30 s, annealing at 55°C for 30 s, at 72°C for 1 min, and at 72°C for 5 min.
Statistical analysis SPSS 21.0 statistical software (IBM Corp. Armonk, NY, USA) was used for data analysis purposes. Measurement data was presented as mean ± standard deviation and were compared by t test. The enumeration data are expressed as percentage or rate and were compared using the c 2 test. The HardyWeinberg equilibrium genetic site assessments were evaluated by c 2 test. The effects of the environmental risk factors (including age, nationality, education level, BMI, economic income, family history of cancer, passive smoking, occupational exposure history, cooking fume exposure history, and soot exposure history) in regard to lung cancer susceptibility among non-smoking women were identified in accordance with nonconditional logistic regression analysis.
Results
Occupation, cooking-oil fume, and soot exposures are linked with the occurrence of lung cancer among nonsmoking women
During the current study, 261 female patients with lung cancer served as the case group, while 265 female patients with benign lung diseases represented the control group. As illustrated in Table 2 , no significant change was observed in relation to the factors of age, nationality, education level, BMI, economic income, family history of cancer, and passive smoking history between patients in the case and control groups (all p>0.05). The effects of cooking fume, occupation, and soot exposures were higher among patients in the case group, with lower levels detected in the control group (both p<0.05).
XRCC1 gene -77 TC + CC and 399Gln/Gln, COMT gene 186CT+TT, and 158Val/Met are associated with the risk of lung cancer in non-smoking women DNA was extracted from the peripheral blood collected from the patients to detect XRCC1 and COMT gene polymorphisms. As depicted in Table 3 , based on the results of the Hardy-Weinberg genetic equilibrium test, the allele frequencies and genotypes of T-77C, Arg399Gln, Arg280His, Arg194Trpof XRCC1 gene, and Val158Met and Ala72Ser of COMT gene had reached equilibrium in the control group, while the frequency of XRCC1-77CC, XRCC1 194Arg/Arg, XRCC1 194Arg/Trp, XRCC1 194Trp/Trp, XRCC1 280Arg/Arg, XRCC1 280Arg/His, XRCC1 280His/His, XRCC1 399Arg/Gln or COMT 158Met/Met exhibited no notable statistical difference between the case and control groups (all p>0.05). The gene frequency of XRCC1-77TC, XRCC1-77TC + CC, XRCC1 399Gln/Gln, COMT 186CT, COMT 186TT, COMT 186CT + TT and COMT 158Val/Met were elevated in the case group, while lower levels were recorded in the control group (all p<0.05). The independent risk factors for lung cancer risk in nonsmoking women
Non-conditional logistic regression model was used to analyze the multivariate analysis regarding the relationship between XRCC1 T-77C, XRCC1 Arg399Gln, COMT Val158Met, and COMT 186C>T polymorphisms and the histories of exposure in the form of occupational exposure, cooking fume exposure, and soot exposure in relation to the risk of lung cancer among non-smoking women. As shown in Table 4 , the obtained results revealed that XRCC1-77TC + CC, XRCC1 399Gln/Gln, COMT 186CT + TT, and COMT 158Val/Met genotypes, and the histories of occupational exposure, cooking fume exposure, and soot exposure were all correlated with the occurrence of lung cancer among non-smoking women and were considered as independent risk factors for lung cancer susceptibility among non-smoking women (p<0.05).
The interaction between XRCC1 and COMT gene polymorphisms and environmental exposure for lung cancer risk in non-smoking women
The roles of XRCC1 T-77C, Arg399Gln, Arg280His, and Arg194Trp, COMT 186C>T, and Val158Met polymorphisms and the histories of cooking fume exposure, occupational exposure, and soot exposure on lung cancer susceptibility among non-smoking women were further analyzed by using a non-conditional logistic regression model, the results of which are illustrated in Table 5 . Non-smoking women with COMT 186CT + TT or COMT 158Met/Met genotypes were determined to have an elevated risk of lung cancer occurrence with a history of cooking fume exposure (both p<0.05). Non-smoking women with XRCC1 399Arg/Gln, XRCC1 399Gln/Gln, COMT 186CT + TT, or COMT 158Met/Met genotypes exhibited an increased risk of lung cancer among those who had a history of soot exposure and occupational exposure (all p<0.05). No detection was made in regard to XRCC1 T-77C, Arg194Trp, and Arg280His polymorphisms and lung cancer susceptibility in non-smoking women with a history of cooking fume exposure, occupational exposure, or soot exposure (all p>0.05). These finding indicate that the interaction of environmental risk factors, as well as that of XRCC1 and COMT gene polymorphisms, have adverse effects on lung cancer susceptibility in non-smoking women.
Haplotype frequencies of XRCC1 and COMT genes are associated with the risk of lung cancer among nonsmoking women
A correlation between haplotype frequencies of XRCC1 and COMT genes and lung cancer in non-smoking women was detected. Haplotype frequencies of XRCC1 and COMT genes are shown in Table 6 . Haplotypes that failed to meet statistical requirements were eliminated in a few patients. In regard to the XRCC1 gene, 5 kinds of haplotypes that met the statistical requirements were included, and the results indicated that non-smoking women with XRCC1C-Arg-Arg-Gln and C-Trp-HisGln had lower risks of lung cancer occurrence (p>0.05), while the risks were greater among those with XRCC1 C-Trp-ArgArg, C-Trp-His-Arg, and T-Arg-Arg-Arg (p>0.05). Regarding the COMT gene, non-smoking women with COMT C-Met exhibited a remarkably higher susceptibility to lung cancer, while those with COMT T-Met had a reduced susceptibility to lung cancer (both p<0.05). There was a very low and insignificant decrease in lung cancer susceptibility among non-smoking women with COMT C-Val (p>0.05). The results obtained demonstrated that the haplotype frequencies of XRCC1 and COMT genes are associated with the occurrence of lung cancer in non-smoking women.
Discussion
Lung cancer remains one of the deadliest malignancies known to mankind, resulting in deaths of more than one million people annually. Lung cancer among women (usually nonsmokers) has becomes one of the most prevalent cancers around the world [17] . Females have the highest mortality rate among all types of cancers, with more lung cancer deaths recorded per year than that of other cancer deaths, and higher than breast, colorectal, prostate, and pancreatic cancers combined [6, 18] . Chinese women have very high rates of lung cancer [19] . Lung carcinogenesis is a complicated, long, multi-stage process characterized by the interplay of predisposed cancer genes, as well as specific environmental exposures [20] . XRCC1 and COMT gene polymorphisms and cooking-oil fume exposure are central risk factors in the progression of lung cancer [11, 21] . In the present study we investigated the potential effects of environmental risk factors and XRCC1 and COMT gene polymorphisms in relation to lung cancer susceptibility among nonsmoking Chinese women. We found a distinct correlation of XRCC1 and COMT gene polymorphisms and environmental risk factors with lung cancer susceptibility. Table 5 . Effect of XRCC1 T-77C, Arg194Trp, Arg280His and Arg399Gln, COMT Val158Met and 186C>T gene polymorphisms and histories of cooking fume exposure and soot exposure on lung cancer susceptibility among non-smoking women.
OR -odds ratio; CI -confidence interval; XRCC1 -X-ray repair cross complementing group 1; COMT -catechol-O-methyltransferase.
Based on our observations and Hardy-Weinberg equilibrium assessment, XRCC1-77 TC + CC, XRCC1 399Gln/Gln, COMT 62CT + TT, and COMT 158Val/Met were all determined to be risk factors in the occurrence of lung cancer. HWE placed emphasis on 2 genotypes of an autosomal gene locus randomly genotyped in a discrete population [22] . Li et al. revealed that XRCC1 (a DNA repair protein) is related to the single-strand break repair and base excision repair pathway, while individuals with homozygous XRCC1 399Gln/Gln genotype and XRCC1-77 combined TC and CC genotypes presented with a slightly elevated risk of lung cancer [16] . A series of previous studies also suggested that polymorphisms and haplotype of XRCC1 have an effect on the occurrence and survival of lung cancer [23, 24] . Reports have shown that smoking and the genetic polymorphisms of XRCC1-399 and XRCC1-194 were related to the risk of lung cancer [25] . As a key modulator in the extraneural dopamine catabolism, COMT plays a vital role in the mechanisms of drug reward [26] . Tan et al. reported that the COMT l58Val/ Met polymorphism can confer a genetic susceptibility among females with lung cancer [20] , which agrees with our findings, which are also consistent with a previous study that highlighted a link between COMT polymorphisms and the risks lung cancer, particularly among non-smoking Chinese women [11] . Reports have suggested an association between COMT genetic variations and several other conditions, including pain sensitivity, various neurobehavioral disorders, and an array of human cancers [27] .
Our study also revealed that non-smoking women with COMT 62CT + TT or COMT 158Met/Met genotypes possess a greater susceptibility to lung cancer, particularly among patients with a history of cooking fume exposure, while non-smoking women with XRCC1 399Arg/Gln, XRCC1 399Gln/Gln, COMT 62CT+ TT, or COMT 158Met/Met genotypes were found to possess a greater risk of lung cancer occurrence, including patients with histories of occupational exposure and soot exposure. Based on a study conducted by Beveridge et al., occupational exposure to nickel and cadmium was identified as a factor increasing the risk of lung cancer [28] . The outcomes of a previous study have also suggested that exposure to cooking-oil fumes was associated with elevated risk of lung cancer among Chinese non-smoking females [29] . Furthermore, the risk factor of cooking-oil fume exposure continues to be associated with a significant increase in risk of lung cancer [13, 30] . Moreover, another study indicated that COMT haplotypes, such as the Val108/158Met polymorphism, play a notable role in nicotine dependence, as well as conferring protection among females but not in their male counterparts [31] . Our study indicates that non-smoking women with COMT C-Met haplotype possess a higher susceptibility to lung cancer, while those with COMT T-Met haplotypes have a lower susceptibility. A previous study demonstrated that 3 common haplotypes of the human COMT gene, which are divergent in 1 nonsynonymous and 2 synonymous positions, code for the difference in COMT enzymatic activity and are involved in pain sensitivity [32] .
Conclusions
We found that T-77C and Arg399Gln polymorphisms of XRCC1 gene and 186C>T and Val158Met polymorphisms of COMT gene confer a greater risk for lung cancer among non-smoking women, brought about by contributory factors, including occupation, cooking-oil fume exposure, and soot exposure. A notable strength of our findings is the evaluation of primary environmental risk factors and our evaluation of the proposed genetic host factors and their involvement in lung carcinogenesis in a specific population. To the best of our knowledge, this is the first study of its kind investigating the interplay between XRCC1 and COMT gene polymorphisms as well as environmental factors in lung cancer among non-smoking Chinese women. This study provides further insights into the pathogenesis of lung cancer and presents a new target in the clinical diagnosis and treatment of lung cancer. However, our study is limited by the small sample size and lack of ethnic diversity. Therefore, to improve lung cancer prevention and treatment, future studies are needed to expand the sample size and include other ethnic populations to investigate the specific mechanisms involved.
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